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PIEZOELECTRIC FILM SONIC EMITTER 



TO THE COMMISSIONER OF PATENTS AND TRADEMARKS: 

Your petitioners, Joseph O. Norris, James J. Croft III, Alan 
Robert Selfridge, and Pierre Khuri-Yakub, are citizens of the 
United States and residents of California, whose post office 
addresses are 17966 Don Picos Park Road, Ramona, California, 
92065; 13633 Quiet Hills Drive, Poway, California 92604; 50 Ocean 
View Road, Los Gatos, California, 95030; and 4151 Donald Drive, 
Palo Alto, California 94306-3823 , respectively , pray that letters 
patent may be granted to them as inventors of the improvement in 
a PIEZOELECTRIC FILM SONIC EMITTER as set forth in the following 
specification. 
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This application is a continuation-in-part of U.S. Patent 
Application Serial No. 08/819,614 now pending. 

BACKGROUND OF THE INVENTION 
1* Field of the Invention 
5 This invention pertains to compression wave generation. 

Specifically, the present invention relates to a device and 
method for directly generating sonic and ultrasonic compression 
waves, and indirectly generating a new sonic or subsonic 
p compression wave by interaction of two ultrasonic compression 
1^ waves having frequencies whose difference in value corresponds to 
w the desired new sonic or subsonic compression wave frequencies. 

2. State of the Art 
ij Many attempts have been made to reproduce sound in its pure 

p form. In a related patent application under serial number 
Ig 08/684,311, a detailed background of prior art in speaker 

technology using conventional speakers having radiating elements 
was reviewed and is hereby incorporated by reference. A 
disadvantage with such conventional speakers is distortion 
arising from the mass of the moving diaphragm or other radiating 
component. Related problems arise from distortion developed by 
mismatch of the radiator element across the spectrum of low, 
medium and high range frequencies- -a problem partially solved by 
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use o. co^,„.,_ ^^^^^^^ 

speakers . 

3Pea. ^^^^ ^^^^^^^^ ^^^^^^ 

- —on . 

" <a. . „onX.„e.. „ea.™, 

::::;r^""^^ ^^^-^ '-''^ 

^--n. eo„p.e3.o„ „..e. „o.a .e p.,eceea a.. . 

- wo.a .e .ea. . ^o.a. .e.p..e 

^ using this method, qene^i „^ ^ ^ 
•=F . . ' production of sound for practical 

applications has elud^rl i->,^ • ^ 
h ^ '''^ industry for over loo years 

i Z:TT ^ - - ~ -3 not 

i Z r " """^ ^" ~ in a 

u ™nner such as conventional speaker systems. 

J .rief histor. Of development of the theoretical parametric 
speaker arra. is provided in -Parametric .oudspea.er- 
-racteristics of .coustic .ield and Suitable Modulation of 
-arrier Ultrasound", Aoki i^. ^ 

^' ^"""'^^^ to, El^^t^^ 

in Janan^ pa^t 3 v 1 ^ 

^ ^ Vgl^ 74^ No^ (March 1991) 

■Ithough technical components and the theory of . 

"^^eory of sound generation 
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.3 .escr..e.. ... ^^^^^^^^^^^ ^ 

parametric speaker array consisting of as . 

L.j.iig or as many as 1410 

piezoelectric transducers yieldina . 

^ speaker diameter of 42 cm 
V-tually all prior research in the field . 

h.. K °^ parametric sound has 

been based on the use of 

, . conventional ultrasonic transducers 

typ.cally Of bimorf character. 

US Patent 5,357 57fl n 

'° "^--"^i - October Of 
~ -ternati. soi.tions to t.e aiie.. of .e.e.op.n. a 
: ~ ~ 3.ste. _.ain, t. 

-.ce co....3es a transducer „.ic. .a.iate. t.e ..aa nitrasonic 

™cies to generate t.e .esire. a.io .iffe.nce signa. 
However, this time the dual f.- 

dual -frequency, ultrasonic signal is 

medium 20 "serves as ■ transducer. This 

serves as a virtual acoustic source that n . 
r^-iff ^Lirce tnat produces the 

Z - — -^^espon. to t.e difference 

between frequencies? fi ^ ^ -tence 
M^cucies ti and f 2 . " roi a i • 

' ^^""^^ 54 - 60. In other 

words, this 1994 ref^r-^ . 

'^^^"^^ ^"^^^-^ ^i-ct generation of the 
difference audio signal in air from th. f 

, ^ , ''^^ ^^^^ °f the transducer 

and depends upon the nor^i ,• 

^ cne nonlinearity of a rr*=>i ■ 

Y or a gel medium to produce 
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sound. This abruDt sh-ifi- f 

rupt shxft from transducer/air interface to 
proposed use of ^ or^i 

a gel .ediu. reinforces the perception of 

apparent inoperativeness of prior art H ■ ■, 

prior art disclosures, at least for 
practical speaker applications. 

s^^^ ^ ssmm. BE ms m^jBs 

" is an ol>,ect of the present invent^T^,,, a .ethod 
apparatns for indirectly emitting new andihle acoustic _s 
- acceptable .ol™e levels fro. a region of air „ithont the use 
o. conventional transducers as the ultrasonic fre^enc. source 

" is another object to indirectly generate at least one 

_ . ^ j-ecisc one new 

sonic or subsonic wav«= h^.r4 

having co^ercially acceptable volume 
levels by using a thin fii„ 

'^'"^ ^"^^"^^ -^-h P-vicies interference 
between at least two ultrasonic sianal. h ■ 

^ signals having different 

Object to provide a thin fil. speaker ^ 
diaphragm capable of developina a nnS 

lopmg a uniform wave front across a 
broad ultrasonic emitter surface. 

A still further object of thn= • 

^ Dect of this invention is to provide an 

improved speaker diaphragm capable of generatino 

generating compression 

waves in response to electrical c=^ • i 

lectrical stimulation, yet which does not 

require a rigid diaphragm structure. 
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These Objects are reaU.ed in a speaker which includes a 
th.n, Piezoelectric .en^rane aisposed over a cc^on emitter face 
>.avi„, a plurali., o. apertures, xhe apertures are aliened so as 
- e^it compression waves .ro™ the me^rane along parallel axes 
^here.. developing a uni.or™ wave .ront. xhe „e*rane .s drawn' 
-to an arcuate configuration and maintained in tension across 
the apertures by a near vacuum which is created w.thin a drum 
cavit. behind the emitter me^rane. The piezoelectric me^rane 
responds to applied voltages to linearl, distend or constrict 
thereh. modifying the curvature of the memhrane over the aperture 
to y.eld a compression wave much like a conventional speaker 
-aphragm. This configuration not only enables compression wave 
9enerat.on, but also eliminates formation of adverse bac.-waves 
because of the applied vacuum. 

in another aspect of the invention, the emitter includes a 
drum comprised of a single emitter me^rane disposed over a 
Plurality of apertures at a common emitter face. l„ this 
e^^odiment, .owever, the membrane is arcuately distended within 
the apertures by positive pressure applied from the drum cavity 
Similar sonic manipulation of the me^rane occurs in response to 
applied voltage; however, backwave generation must now be 
considered. 
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Another aspect of ehe invenUon is a poller .u. a.^pcse. 
over .He p.e.oelec.r.c .n. a.a ,n seaZin, .n. an. 
avoiding gas leakage. 

xe. ano..e. aspece ..e indention, ..e e...... 

-Uiple electrodes to control separate areas of the 
Pie.oelectrlc fll. an. to allow for .ea. steerln. an. 
Channels in the film. 

O^her objects, features, advantages ana alternative aspects 
Of the present invention will 

wall become apparent to those skilled in 

the art fro. a consideration of the following detailed 

description, taken in combination with th. 

ion with the accompanying drawings. 

-.ure 1 is an orthogonal view of an emitter drum transducer 
-e in accordance with the principles of the present invention. 

Figure 2 is a top view showing a plural 

a ci plurality of apertures in 

an emitter f^r-f^ t-u 

Of the e..tter dru. transducer .ade in accordance 
wrth the principles of the present invention. 

PlSure 3a is a cut-a„a. profile view of the emitter dru. 
-ansducer and the emitter face, showing the „e^rane which is 

disposed over the aperturec, 

apci^cures m the emitter face. 



Thorpe. North & Wcaan, L L P. 

9035 South 700 East 

Sandy, Utah 84070 

Voice (SOI) 566^33 

Docket No T4855 CIP2 - Rev.l I/ISW 



Figure 3b is a cut-away profile view of the emitter drum 
transducer and the emitter face, showing a poller fiim adhered 
over the piezoelectric film. 

■ Figure 3c is a cut-away profile view of the emitter drum and 
= emitter plate, showing the piezoelectric film on the inside of 

the emitter plate. 

Figure 3d is a cut-away profile view of the emitter drum and 
a thin emitter plate, showing the piezoelectric film on the 
inside of the emitter plate. 

s = 

1| Figure 3e is a out-away profile view of the emitter drum and 

I a thin emitter plate and a second clamp on the opposing side of 
^- the piezoelectric film. 

r Figure 4 is a close-up profile view of the me^rane which is 

I Vibrating while stretched over a plurality of the apertures in 
^5=p the emitter face. 

O Figure 5 is a graph showing an example of membrane 

(Piezoelectric film, displacement versus frequency in the 

preferred embodiment. The ar-^r^h 

me graph shows resonant frequency and 

typical bandwidth generated therefrom. 

Figure e is a cut-away profile view of the emitter drum 
transducer of an alternative embodiment where the emitter drum 

transducer is pressurized. 
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Figure 7 is a more specific implementation of the present 
invention which transmits an ultrasonic base frequency and an 
ultrasonic intelligence carrying frequency which acoustically 
heterodyne to generate a new sonic or subsonic frequency. 

Figure 8 is an alternative embodiment showing a cut-away 
profile view of a sensor drum transducer and the sensor face, 
showing the sensing membrane which is disposed over the apertures 
in the sensor face. 

Figure 9 is a cut-away profile view of an emitter showing a 
backwave reinforcment structure at 1/4 of a wavelength from the 

emitter face. 

Figure 10 is a cut-away profile view of an emitter showing 
the back cover as a backwave reinforcment structure at 1/4 of a 
wavelength from the emitter face. 

Figure 11 is a top view of an emitter face with rectangular 
cell openings. 

Figure 12 is a top view of an emitter face with ellipsoid 
cell openings. 

Figure 13 is a cut-away profile view of an emitter with a 
convex emitter face. 

Figure 14 is a cut-away profile view of an emitter with a 
concave emitter face. 
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Figure 15 is a cut-away profile view of an emitter with a 
convex emitter face, the piezoelectric film on the inside of the 
emitter face, and a convex backplate. 

Figure 16 is a cut-away profile view of an emitter with a 
concave piezoelectric film on the inside of the emitter plate. 

Figure 17 is a top view of an emitter face with two semi- 
circular electrical contacts. 

Figure 18 is a top view of an emitter face with four 
electrical contacts. 

Figure 19 is a top view of an emitter face with two 
concentric electrical contact rings. 

Figure 20 is a top view of an emitter face with three 
concentric electrical contact rings. 

Figure 21 shows polygon shaped sections for piezoelectric 
film with a polygon shaped emitter face beneath the film. 

Figure 22 shows three polygon shaped sections of 

piezoelectric film with a corresponding emitter face beneath the 
film. 

Figure 23 shows six polygon shaped sections of piezoelectric 
film in a hexagonal shape, forming a ring configuration. 

Figure 24 is four rectangular shaped sections of 
piezoelectric fil'm in a box shape. 
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Figure 25 is four rectangular shaped sections of 
piezoelectric film in a column. 

Figure 26 is a pressurized chamber which is connected with a 
number of piezoelectric film emitter cells. 

Figure 27 shows piezoelectric film sealed with PVDC. 

Figure 28 shows selective sputtering over the face plate 
apertures, which are connected by metalized bridge contacts. 
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DETAILED nTC.qP RIPTION OP THE INVKTJTTnM 

The traditional use of piezoelectric transducers in a 
parametric array as a speaker member embodies numerous 
limitations which have apparently discouraged many practical 
applications of transducers within the audio and ultrasonic sound 
generation industries. Such limitations include lack of 
uniformity. of phase and frequency response across a large array 
of individual transducers. Often, distortion, reduced output, 
and unintentional beam steering occur because of small variations 
in transducer resonant frequencies, as well as variable response 
to differing frequencies within, a broad frequency spectrum. Many 
of these limitations arise because a typical speaker array is 
formed from many individual, nonuniform transducers respectively 
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wired to a common signal source. Each transducer is somewhat 
unique and operates autonomously with respect to the other 
transducers in a parallel or series configuration. 

The present invention develops congruity and uniformity 
across the array by providing a single film of piezoelectric 
material which is predictable in response to an applied signal 
across the full emitter face. This results, in large measure, 
because in a preferred embodiment the emitter is actually a 
single film of the same composition supported across a plurality 
of apertures of common dimension. Furthermore, the full emitter 
face is physically integrated because the material is simply 
disposed across the emitter plate or disk and is activated by a 
single set of electrical contacts. Therefore, the array of 
individual emitting locations, represented by the respective 
apertures in the emitter plate, are actually operating as a 
single film, composed of one material, which is activated by the 
same electrical input. Arcuate distention is uniform at each 
aperture because the same material is being biased in tension 
across the same dimension by a common pressure (positive or 
negative) from within the drum cavity. Harmonic and phase 
distortions are therefore minimized, facilitating a uniform wave 
front across the operable bandwidth. 
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Figures 1, 2, 3a and 3b depict a preferred embodiment of the 
present invention shown in orthogonal, partial cutaway view. The 
emitter drum transducer 100 is a hollow, generally cylindrical 
object. The sidewall 106 of the emitter drum transducer 100 is a 
metal or metal alloy. The emitter face 102 generates the 
compression waves from the top surface of the emitter drum 
transducer 100 and is comprised of at least two components- the 
emitter film 104 and the emitter plate or disk 108. 

The outer surface of the emitter face 102 is formed by the 
thin piezoelectric film 104. This film 104 is supported by the 
rigid emitter plate 108 which includes a plurality of apertures 
112 for enabling distention of the film into small arcuate 
emitter elements. As mentioned above, these emitter elements are 
uniform in all respects-size, curvature and composition. This 
commonality results in a common output across the face of the 
emitter film as if it were a single emitter element. 

The piezoelectric film 104 is stimulated by electrical 
signals applied through appropriate contacts 120 and is thereby 
caused to vibrate at desired frequencies to generate compression 
waves. This is facilitated by a conductive ring 114 which 
restrains the thin film in tension across the emitter plate or 
disk 108 in a manner similar to a drum head. The conductive ring 
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is therefore positioned above the piezoelectric film 104 and 
disposed about the perimeter of the emitter face 102, and 
operates as both a clamp and electrical signal source for the 
piezoelectric material. Typically, this conductive ring 114 is 
made of brass, however, other electrically conductive materials 
could be utilized. A pressure seal 129 is set under the 
conductive ring 114 and serves to seal the joint between the 
piezoelectric film 104 and the drum sidewalls 106. Further, the 
pressure seal 129 can be used as the electrical contact around 
the edge of the piezoelectric film without the conductive ring 
114. Essentially, the pressure seal 129 becomes the conductive 
or partially conductive ring. 

The emitter drum transducer 100 is generally hollow inside, 
and is closed at a bottom surface by a back cover 110. This 
structure is sealed to enable a generally airtight enclosure or 
drum cavity. A near- vacuum (hereinafter referred to as a vacuum) 
or a pressurized condition can exist within the emitter drum 
transducer 100 for reasons to be explained later. The near- 
vacuum will be defined as a pressure which is small enough to 
require measurement in millitorrs. 

To better understand the structure of the emitter drum 
transducer 100, FIG. 2 provides a top view of an outward facing 
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face 126 of an isolated emitter disk 108 which is normally 
disposed underneath the piezoelectric film 104 (see FIG. 1) . m 
the preferred embodiment, the disk 108 is metallic and perforated 
by a plurality of apertures 112 of generally uniform dimensions. 
The apertures 112 extend completely through the thickness of the 
disk 108 from an inward facing side 128 (see FIG. 3) to the 
outward facing side 126. To provide predictability and the 
greatest efficiency in performance, the apertures 112 are formed 
in the shape of cylinders. 

The predictability in vibrations of the piezoelectric film 
104 when suspended in arcuate tension over cylindrical apertures 
112 is a consequence of a significant amount of knowledge which 
has been developed regarding the symmetrical bending of circular 
plates. This should not be construed to mean that other aperture 
112 shapes cannot be used. Nevertheless, the preferred 
embodiment has adopted cylindrical apertures 112 as a predictable 
configuration . 

The pattern of apertures 112 shown on the disk 108 in FIG. 2 
is chosen in this case because it enables the greatest number of' 
apertures 112 to be located within a given area. The pattern is 
typically described as a "honeycomb" pattern. The honeycomb 
pattern is selected because it is desirable to have a large 
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number of apertures 112 with parallel axes because of the 
characteristics of acoustical heterodyning. 

Specifically in the case of generating ultrasonic 
frequencies, it is desirable to cause heterodyning interference 
between a base frequency and a frequency which carries 
intelligence to thereby generate a new sonic or subsonic 
frequency which is comprised of the intelligence. Consequently, 
a greater number of base and intelligence carrying wave fronts 
which are caused to interact with each other will generally have 
the effect of generating a new sonic or subsonic frequency of 
greater volume as compared to a single pair of base and 
intelligence carrying frequencies. In other words, the present 
invention provides the significant advantage of developing large 
numbers of emitter elements for carrying the interfering 
frequencies, yet without losing the benefit of common 
composition, integration and vibrational response. Obviously, 
this is an important factor in generating a volume which is loud 
enough to be commercially viable. The parallel orientation of 
axes of frequency emission further enhance development of 
acceptable volume levels. 

FIG. 3a provides a helpful profile and cut-away perspective 
of the preferred embodiment of the present invention, including 
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more detail regarding electrical connections to the emitter drum 
transducer 100. The sidewall 106 of the emitter drum transducer 
100 provides an enclosure for the disk 108, with its plurality of 
apertures 112 extending therethrough. The piezoelectric film 104 
is shown as being in contact with the disk 108. Experimentation 
was used to determine that it is preferable not to glue the 
piezoelectric film 104 to the entire exposed surface of the disk 
108 with which the piezoelectric film 104 is in contact. The 
varying size of glue fillets between the piezoelectric film 104 
and the apertures 112 causes the otherwise uniform apertures 112 
to generate resonant frequencies which were not uniform. 
Therefore, the preferred embodiment teaches only gluing an outer 
edge of the piezoelectric film 104 to the disk 108. 

The back cover 110 is provided to permit a vacuum within the 
emitter drum transducer 100. This vacuum causes the 
piezoelectric film 104 to be pulled against the disk 108 in a 
generally uniform manner across the apertures 112. Uniformity of 
tension of the piezoelectric film 104 suspended over the 
apertures 112 is important to ensure uniformity of the resonant 
frequencies produced by the piezoelectric film 104 at each 
emitter element. In effect, each combination of piezoelectric 
film 104 and aperture 112 forms a miniature emitter element or 
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cell 124. By controlling the tension of the piezoelectric film 
104 across the disk 108, the cells 124 advantageously respond 
generally uniform. 

An additional benefit of a vacuum is the elimination of any 
possibility of undesirable "back-wave" distortion. Elimination 
of the back-wave in the present invention arises from the 
presence of the vacuum in the sealed drum cavity. By definition, 
a compression wave requires that there be a compressible medium 
through which it can travel. if the piezoelectric film 104 can 
be caused to generate ultrasonic compression waves "outward" in 
the direction indicated by arrow 130 from the emitter drum 
transducer 100, it is only logical that ultrasonic compression 
waves are also being generated from the piezoelectric film 104 
which will travel in an opposite direction, backwards into the 
emitter drum transducer 100 in the direction indicated by arrow 
132 . 

In the absence of the vacuum condition, these backward 
traveling or back-wave distortion waves could interfere with the 
ability of the piezoelectric film 104 to generate desired 
frequencies. This interference. could occur when the back- waves 
reflect off surfaces within the emitter drum transducer 100 until 
they again travel up through an aperture 112 and reflect off of 
the piezoelectric film 104, thus altering its vibrations. 
Therefore, by eliminating the medium for travel of compression 
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Vibrations of the piezoelectric ,11. eliminated. 

FIG. 3a also shows that there are electrical leads l.o which 
are electrically coupled to the piezoelectric ,11„ 
carry an electrical representation of the frec^encles to be 
transmitted fro. each cell l., of the emitter drum transducer 
100. These electrical leads 120 are thus necessarily 
electrically coupled to some signal source 122 as shown 

Because of the potential for pressure leakage fro. or Into 
.he drum 100 when It is pressurized. It is important to ta.e 

steps which avoid Dressur-s 

pressure leakage. One method of decreasing 

pressure leakage is to use a noble gas to pressurize the drum 
-0. Por example, a heavy noble gas such as nitrogen, neon or 

argon may be used to reduce th^ 

educe the leakage. The noble gases have 

larger molecules th^n i-i^u^- 

than lighter gases and thus reduce leakage from 

the drum lOO or through the piezoelectric film 140. 

in another embodiment of the Invention, a thin polymer layer 
is used to coat the piezoelectric film, 3, ...^^ a polymer 

layer 1.0 which is coated onto the piezoelectric film 10. after 
the polarization process. During the polarization process the 
Piezoelectric film ^^^^^^^ ^^^^^ ^^^^^^^ 

9as retention properties of the piezoelectric film. The polymer 
layer coating seals the piezoelectric film so that atmospheric 
eas cannot leak Into the drum 100 when It contains a near vacuum 
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It also .eau .he piezoelectric fil„ to prevent the escape of gas 
used to pressurize the dru. lOO. It is important to note that the 
polymer must be thin enough that it does not affect the 
performance of the piezoelectric film, using the extra layer of 
plastic coating allows the pressure in the drum 100 to be more 
reliable even when very thin piezoelectric film is used. It 
.hould be realized that a plastic coating can also be used on the 
sidewalls 10. and bacK cover 110 o, the drum to reduce pressure 
leakage. Sealing the piezoelectric film or the drum 100 helps to 
extend the useful life of the emitter. The pressure range of a 
emitter shown in the current embodiment is approximately o pounds 
per s<^are inch (near vacuum, to approximately 20 pounds per 
square inch (psi) . 

FIG. 3c Shows a cut-away profile view of an emitter drum and 
emitter face. l„ this configuration, the piezoelectric film is 
on the inside of the emitter face. The chamber 142 is 
pressurized to push the piezoelectric film 104 into an arcuate 
Shape as shown in PIG. 4b. A polymer coating layer 140 is used 
to aid in sealing the piezoelectric film, as described above. 
The emitter face 128 'shown in this figure is an embodiment with a 

relatively significant cell depth ftp -ih v, 

aepcn. FIG. 3d shows an embodiment 

"hich is Similar to PI3. 3c with the exception that the thickness 
Of the emitter plate 128 is substantially less than the depth of 
the emitter plate 128 in FIG. 3c. The chamber 142 is also 
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pressurised to push the piezoelectric £il. i04 into an arcuate 

shape as shown in FIG. 4b. 

FIG. 3e Shows a cut-away side view of an ea,itter drum lOO 
with an emitter face 128 and a second clamp 143. The 
Piezoelectric film 104 is clamped between the emitter face 128 
and the second clamp 143 which matches the aperture configuration 
of the emitter face 128. The piezoelectric film 104 is 1/4 of a 
wave length (1/4 wL, from the back plate 110 of the drum to 
reinforce the wave generation. when the drum 100 is pressurized, 
it produces arcuate emitter elements. In addition, there is an 
elongated chancer 142 which connects the cells 124 with tiny 
openings. it should be realized that the cells 124 can also be 
attached to the back plate no and then openings at other points 
in the cells 124 are placed to equalize the pressure in each of 
the cells. The second clamp 143 is not required, but it adds 
stability to the piezoelectric film 104. 

FIG. 4A is a close-up profile view of two of the cells 124 
(comprised of the piezoelectric film 104 over two apertures 112, 
Of the preferred embodiment. The piezoelectric film 104 is shown 
distended inward toward the interior of the emitter drum 
transducer 100 in an exaggerated vibration for illustration 
purposes only, it should be apparent from a comparison with FIG. 
4B that the distention inward of the piezoelectric film 104 will 
be followed by a distention outward and away from the interior of 
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the emitter dru„ ..ansducer 100 wi.h relaxation of the appUea 
^isnal. ..e amount of .intention of the piezoelectric fii™ io. 
- again shown exaggerated for iiiustration purposes onl. The 
actual amount of distention will be discussed later. 

5 is a graph showing frequency response of the emitter 

drum transducer 100 n-roi^i,^^^ • 

produced xn accordance with the principles of 

the preferred embodiment as comoared tr. a- . 

compared to displacement of the 

Piezoelectric fil. .0. ,as a function of applied voltage .MS, 
The emitter drum transducer 100 which provided the graph of Pl= 
S i. exemplary of typical results had with a near vacuum in the 
interior of the emitter drum transducer 100. 

The membrane (piezoelectric film i04, used in this 
embodiment is a polyvinyiidiene di-fluoride (PVDP, film o, 
approximately .a micrometers in thic^ess. Experimentally, the 
resonant frequency of this particular emitter drum transducer 100 

IS shown to be approximately 37 23 kHz wh^n • 

y J/. 23 kHz when using a drive voltage 

Of 73.6 v„. With a bandwidth o, approximately li.ss percent 
Where the upper and lower .dB frequencies are 3S.SS and 3. s. 
kHz respectively. The maximum amplitude of displacement of the 
Piezoelectric film 104 was also found to be approximately ,ust in 
-cess Of 1 micrometer peak to pea.. This displacement 
corresponds to a sound pressure level ,SPL hereinafter, of 125 . 

HQ 
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What is surprising is that this larqe SPL 

xarge SPL was generated from 

an emitter drum transducer 100 using a PVDF which Is 
.heoretlcan. supposed to withstand a drive voltage o. 1«0 V 
°r 22.8 times more than what was applied. Consequently, the ' 

theoretical limit of these n^r-h^^.n 

cnese particular materials used in the 

emitter drum transducer lOO result in . 

result in a surprisingly large SPL of 

1 C 1 



152 . 6 



.s Important to remember that the resonant fre^ency of 
the preferred e^odlment shown herein Is a function of various 
Characteristics of the emitter drum transducer 100 These 
Characteristics include, among other things, the thlCness of the 
P.a.oelectrlc film 10. stretched across the emitter face 102, and 
the diameter of the apertures U2 in the emitter dis. loa. .or 
example, using a thinner piezoelectric film 104 will result in 
-e rapid vihratlons of the piezoelectric film 10. for a given 
O applied voltage. Conse<^ently, the resonant frequency of the 
emitter drum transducer loo will be higher. 

The advantage of a higher resonant frequency Is that if the 
percentage of bandwidth remains at approximately lo percent or 
-creases as shown by experimental results, the desired range of 
frequencies can be easily generated. l„ other words, the range 
Of human hearing is approximately 20 to 20,000 therefore if 

the bandwidth is wide enough to encompass at least 20, 000 H. the 
entire range of human hearing can easily be generated as a new 
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sonic signal which c^n r,^ 

^'"'^ ^"''"^^ — 'He entire 

audxble spectrum of hu.an hearing. 

- -aition to U3i„. a thinner piezoelectric .ii. .0. to 
^ncrea.e the re.onant .re,ue„c„ there are other „a.s .or 
e-nain, .re,.e„c. range, .or e.a.p.e, in an aUernati.e 
--.ent. the present indention .e. a ceii , 
-eraia.eter aperture... . ..Uer aperture «in aiao 
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WhU. _ ^^^^ ^^^^ ^^^^^^^^^^ ^^^^ 

useful to examine some of hh« 

ome of the equations which may be 

representative of the dynamics of ^>. 

P^^^^^t invention. For a 

— - — ^ ana .heoaore Bau.ei3ter ana ^ 

^^^^--^^ Stephen .i.o3hen.o, .na eaition. „ar.3 ■ 
gives a very useful equation (5 4 34, „u ■ >, 

correlates tension in 
— - -^onant fre<,enc.. .esonant frequencies are a 
-nction Of aperture shape, aperture dimension, .acK pressure. 
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FIG. 6 Shows an alternative e:nbodi.ent of the present 

invention, but which also qener;.^^= ^ 

generates f requencie»c! fr-r^m 

si^cuc-ies rrom an emitter 

transducer 11., ehe interior i. now pressurised. The 
piezoelectric film 104 is on th= ■ 

, . "^^'^^ °' ^he emitter face and 

held .n Place in part by the pressure in the drum 

The pressure introduced within the emitter dr™ transducer 
- — - alter the resonant fre„. However, the 
-Cness Of the piezoelectric fil. lo. remains a .e. factor in 
aeterminin. how much pressure can he applied. xhis can he 
a..rihuted in part to those piezoelectric films .de from some 
-polymers ha.in, considerahle an anisotropy, instead of 

biaxially stretched PVDF used in th. 

used in the preferred embodiment . The 

undesirable side affom- 

affect Of an anisotropic piezoelectric film is 

that it may i„ fact prevent vibration of the film in all 
erections, resulting in asymmetries which will cause unwanted 
distortion Of the signal being generated therefrom 
Conse^ently, pvbp is the preferred material for the 

piezoelectric film not only becau«» k 

niy because rt has a considerably higher 
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yield strength than copolymer, but because It is considerably 

less anisotropic, 

one aspect of the alternative embodiment of a pressurized 
emitter drum transducer 116 can be the occurrence of frequency 
resonances or spurs. This is due to back-wave generation within 
the emitter drum transducer 1X6, which arise from wave generation 
in the gas within the emitter drum transducer 116. However, it 
was also determined that the back-wave could be eliminated by 
placing a material within the emitter drum transducer 116 to 
absorb the back-waves. For example, a piece of foam rubber 134 
or other acoustically absorbent or dampening material which is 
inserted into the emitter drum transducer 116 can generally 
eliminate all frequency spurs. Alternatively a backplate may be 
Placed Close enough to the piezoelectric film to substantially 
eliminate wave generation in a specific range of interest. 

Experimental results using the pressurized emitter drum 
transducer 116 showed that at typical selected pressures and 
drive voltages, the emitter drum transducer U6 operated in a 
substantially linear region. For example, it was determined that 
an emitter drum transducer 116 using a 28 micrometer thick PVDF 
With a pressure of 10 pounds per square inch (psi) inside the 
emitter drum transducer 116 can generate a resonant frequency 
approximately 43 percent greater than an emitter drum transducer 
116 which has an internal pressure of 5 psi. Alternatively, it 
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was confirmed that a generally linear region of operation was 
discovered when it was determined that doubling the drive 
amplitude also generally doubles the displacement of the PVDF. 

It was also experimentally determined that the pressurized 
emitter drum transducer 116 could generally obtain bandwidths of 
approximately 20 percent. Therefore, constructing an emitter 
drum transducer 116 having a resonant frequency of only lOO KHz 
results in a bandwidth of approximately 20 KHz, more than 
adequate to generate the entire range of human hearing. By 
acoustically damping the interior of the emitter drum transducer 
116 to prevent introducing back-wave distortions or internal rear 
wave resonances, the pressurized embodiment is also able to 
achieve the impressive results of commercially viably volume 
levels of the preferred embodiment of the present invention. 

The preferred thickness of the piezoelectric film, the 
aperture size, and the drum pressure will now be discussed. When 
the pressure is increased, it increases the resonant frequency of 
the speaker. The resonant frequency can also be increased by 
decreasing the aperture size or increasing the thickness of the 
piezoelectric film. The following table shows some preferred 
film thicknesses, aperture sizes and pressures to provide a 
resonant frequency of 35kHz. These specific parameters provide 
the greatest output for the current invention. It should be 
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apparent that a number of combinations could be used which fall 
within or near these ranges. 



Table 1 



"F i IS: ■;^thi'(5y^ f !p^?^^i 




f,p!fPTn^::^Pressure:>:-':-^'^->- ^ 


9 micrometers 


0.160 inches 


5 PSI 


12 micrometers 


0.168 inches 


6 PSI 


2 5 micrometers 


0.200 inches 


12 PSI 
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Although Table 1 lists selected aperture sizes, the 
preferred aperture sizes fall in the range of 0.050 inches to 
0.600 inches. The parameters listed in Table 1 are primarily 
focused on ultrasonic transducers. The actual performance of the 
film depends on different factors, such as whether the film is 
biaxial, uniaxial, or coated, etc. For example, a 9 micrometer 
film used at 5 PSI generates a resonant frequency of 35kHz with a 
0.160 inch aperture. In contrast, another 9 micrometer film 
covered with PVDC coating must have a 0.600 inch aperture at 5 
PSI to produce the same 35kHz resonant frequency. Although the 
previous examples of aperture sizes are directed to ultrasonic 
embodiments of the invention, larger holes can be used to 
directly produce useful sonic frequencies. 

The spacing between the aperture centers is preferred to be 
between 1/4 to 1/2 of a frequency wavelength (1/4 to ^ wL) which 
is targeted for the maximum output. The preferred spacing 
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between the aperture centers is 1/3 the frequency wavelength 
where the maximum output is desired. 

A further favorable aspect of the present invention is the 
adaptability of the shape of the sonic emitter to specific 
applications. For example, any shape of drum can be configured, 
provided the thin piezoelectric film can be maintained in uniform 
tension across the disk face. This design feature permits 
speaker configurations to be fabricated in designer shapes that 
provide a unique decor to a room or other setting. Because of 
the nominal space requirements, a speaker of less than an inch in 
m thickness can fabricated, using perimeter shapes that fit in 
H corners, between columns, as part of wall -units having supporting 
^ high fidelity equipment, etc. Uniformity of tension of the 
g emitter film across irregular shapes can be accomplished by 
1^ stretching the film in a plane in an isotropic manner, and then 
gluing the film at the perimeter of the disk face. Excess film 
material can then be cut free or folded, and then enclosed with a 
peripheral band to bind the front and back walls, and 
intermediate drum wall into an integral package. Such speakers 
have little weight and merely required wire contacts coupled at 
the piezoelectric material for receiving the signal, and a 
pressure line for applying vacuum or positive pressure to distend 
the film into curvature. 
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Turning to a more specific implementation of the preferred 
embodiment of the present invention, ^the emitter drum transducer 
100 can be included in the system shown in FIG. 7. This 
application utilizes a parametric or heterodyning technology, 
which is particularly adapted for the present thin film 
structure. The thin, piezoelectric film is well suited for 
operation at high ultrasonic frequencies in accordance with 
parametric speaker theory. 

A basic system includes an oscillator or digital ultrasonic 
wave source 20 for providing a base or carrier wave 21. This 
wave 21 is generally referred to as a first ultrasonic wave or 
primary wave. An amplitude modulating component 22 is coupled to 
the output of the ultrasonic generator 2 0 and receives the base 
^ frequency 21 for mixing with a sonic or subsonic input signal 23. 

Ig The sonic or subsonic signal may be supplied in either analog or 

O 

digital form, and could be music from any convention signal 
source 24 or other form of sound. If the input signal 23 
includes upper and lower sidebands, a filter component may 
included in the modulator to yield a single sideband output on 
the modulated carrier frequency for selected bandwidths. 

The emitter drum transducer is shown as item 25, which is 
caused to emit the ultrasonic frequencies f^ and fj as a new wave 
form propagated at the face of the thin film transducer 25a. 
This new wave form interacts within the nonlinear medium of air 



20 



Thoipe. Nonh & Western, LL.P. 
9035 South 700 East 
Sandy, Utah 84070 
Voice (801) 566-6633 

Docket No, T4855.CIP2 - Rev. 1 1/15/99 30 



to generate the difference frequency 26, as a new sonic or 
subsonic wave. The ability to have large quantities of emitter 
elements formed in an emitter disk is particularly well suited 
for generation of a uniform wave front which can propagate 
quality audio output and meaningful volumes. 

The present invention is able to function as described 
because the compression waves corresponding to f^ and f^ 
interfere in air according to the principles of acoustical 
heterodyning. Acoustical heterodyning is somewhat of a 
mechanical counterpart to the electrical heterodyning effect 
which takes place in a non-linear circuit. For example, 
amplitude modulation in an electrical circuit is a heterodyning 
process. The heterodyne process itself is simply the creation of 
g two new waves. The new waves are the sum and the difference of 
1^. two fundamental waves. 

In acoustical heterodyning, the new waves equaling the sum 
and difference of the fundamental waves are observed to occur 
when at least two ultrasonic compression waves interact or 
interfere in air. The preferred transmission medium of the 
present invention is air because it is a highly compressible 
medium that responds non- linearly under different conditions. 
This non-linearity of air enables the heterodyning process to 
take place, decoupling the difference signal from the ultrasonic 
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output. However, it should be remembered that any compressible 
fluid can function as the transmission medium if desired. 

Whereas successful generation of a parametric difference 
wave in the prior art appears to have had only nominal volume, 
the present configuration generates full sound. While a single 
transducer carrying the AM modulated base frequency was able to 
project sound at considerable distances and impressive volume 
levels, the combination of a plurality. of co-linear signals 
significantly increased the volume. When directed at a wall or 
other reflective surface, the volume was so substantial and 
I directional that it reflected as if the wall were the very source 
Li of the sound generation. 

=^ An important feature of the present invention is that the 

g base frequency and single or double sidebands are propagated from 
1| the same transducer face. Therefore, the component waves are 
M perfectly collimated. Furthermore, phase alignment is at 

maximum, providing the highest level of interference possible 
between two different ultrasonic frequencies. With maximum 
interference insured between these waves, one achieves the 
greatest energy transfer to the air molecules, which effectively 
become the "speaker" radiating element in a parametric speaker. 
Accordingly, the inventors believe the enhancement of these 
factors within a thin film, ultrasonic emitter array as provided 
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in the present invention has developed a surprising increase in 
volume to the audio output signal . 

The development of full volume capacity in a parametric 
speaker provides significant advantages over conventional speaker 
systems. Most important is the fact that sound is reproduced 
from a relatively massless radiating element. Specifically, 
there is no radiating element operating within the audio range, 
because the piezoelectric film is vibrating at ultrasonic 
frequencies. This feature of sound generation by acoustical 
heterodyning can substantially eliminate conventional distortion 
effects, most of which are caused by the radiating element of a 
conventional speaker. For example, adverse harmonics and 
standing waves on the loudspeaker cone, cone overshoot and cone 
undershoot are substantially eliminated because the low mass, 
thin film is traversing distances in micrometers. 

D 

Another alternative embodiment of the present invention is 
shown in FIG. 8. It should be apparent that after understanding 
how the present invention operates as an emitter in the preferred 
embodiment, it can likewise be used as a receiver or sensor. 
This is a consequence of the piezoelectric film not only being 
able to convert electrical energy into mechanical energy, but to 
do the opposite and convert mechanical energy into electrical 
energy as well. Therefore, the apparatus of the preferred 
embodiment is only modified in that instead of a signal source 
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122 being coupled to the emitter drum transducer 100, the sensing 
drum is connected to a sensing instrument such as an 
oscilloscope. Then, transducer 118 converts compression waves 
which impinge upon the piezoelectric film 104 of the sensing drum 
transducer 118 into electrical signals essentially working as 
film 104 to an efficient microphone. 

FIG. 9 shows a speaker device with a backwave reinforcement 
structure 150 behind the rigid emitter plate 152. The backwave 
reinforcement is preferred to be at 1/4 of the distance of a 
selected wavelength from the piezoelectric film, shown as 1/4 wL 
g in FIG. 9. This reinforcement structure aids in the generation 
^ of the actual sonic or ultrasonic waves which are produced, 
^ because the backwave reinforcement will reflect the out of phase 
g backwave so that it becomes an in phase wave with the primary 
IJ waves produced to the environment. If the backwave reinforcement 
a is not the back cover 110, then the reinforcement will also 

contain small apertures 154 to allow for pressure equalization. 
FIG. 10 shows an alternative arrangement of this embodiment where 
the backwave reinforcement structure is the back cover 110. The 
distance of 1/4 of a wavelength from the piezoelectric film is 
dependent on the desired frequency wavelength to be reinforced. 
The most common wavelengths which will be reinforced are the 
carrier frequency or the resonant frequency. When the 
reinforcement takes place at 1/4 of a wavelength from the 



20 



Thorpe. Nonh & Western. L.L.P. 
9035 South 700 East 
Sandy, Utah S4070 
Voice (801)566-6633 

Docket No. T4855.CIP2 - Rev.l 1/15/99 34 



piezoelectric film, the final output of the emitter can be 
increased by up to 3dB. It is important to add that the backwave 
reinforcement structure can also be placed at different distances 
from the piezoelectric film depending on the wavelength of the 

5 frequency that is desired to be reinforced. Two other desirable 
reinforcement distances are 1/2 of a wavelength and 1 wavelength 
from the piezoelectric film. 

Another embodiment of this invention uses apertures which 

^ are not round. The round apertures are effective because of 
ij their symmetric shape but other symmetric shapes may be used. 

£ FIG. 11 shows a rigid emitter plate 156 which uses rectangular 

- L. 

Shaped apertures 158. FIG. 12 shows a rigid emitter plate 160 
which has ellipsoid 162 shaped apertures. The rectangular and 
ellipsoid shapes are particularly effective with an anisotropic 
ij or uni -axial film. This is because an effective wave can be 
O generated when the piezoelectric film constricts or expands 

perpendicular to the lengthwise axis of the rectangle or ellipse. 

FIG. 13 is an embodiment of the speaker with a convex 
emitter plate. The convex shape of the emitter allows the sound 
generated to be dispersed over a broader area than the flat faced 
embodiment. As the curve in the emitter face increases, the 
dispersion also increases. In contrast, FIG. 14 shows a concave 
emitter plate which focuses the directivity of the speaker. 
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FIG. 15 has a curved emitter plate 180 for dispersing the 
sound generated by the emitter cells 182. The piezoelectric film 
184 is disposed beneath the emitter plate 180 and the chamber 185 
is pressurized to form arcuate elements. An A.C. audio signal is 
applied through wires 188 connected to an electrical contact 190 
which runs down between the chamber wall 192 and the emitter 
plate 180. The back cover 194 of the chamber is also curved and 
set a distance of 1/4 of a selected frequency from the 
piezoelectric film. The selected frequency is the frequency to 
be reinforced by the backwave. FIG. 16 includes an emitter plate 
200 with a flat face and a curved bottom portion to produce a 
concave piezoelectric film 204 configuration. The back cover 206 
is flat and the chamber 208 formed by the drum is pressurized to 
form arcuate emitter sections as described before. It should be 
apparent based on this disclosure that the back cover 206 or the 
face of the emitter plate 200 could also be curved in a convex or 
concave manner if desired. 

In yet another embodiment of the invention, the electrodes 
on the emitter plate are not a complete ring. FIG. 17 shows an 
emitter face 170 with two electrical contacts which are semi- 
circles. The first electrical contact 171 and the second 
electrical contact 172 can have separate signals applied to them. 
This allows regions of the piezoelectric film to be controlled 
independently. The signals applied to the different electrical 
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contacts may be phase shifted, which produces corresponding waves 
in the air which are phase shifted. When these adjacent phase 
shifted waves interact at the ultrasonic level, it alters the 
directional path of the waves. By providing the proper phase 
relationships, the sound beam can be "steered" without physically 
moving the speaker. This provides the effect of movement for a 
user. In addition, multiple channels may also be applied through 
the separate electrical contacts 174, 176. 

FIG. 18 shows an emitter face 170 with four electrical 
contacts 182, 184, 186, 188. Although only four contacts are 
shown, the number of contacts is only limited by the size and 
number of regions that are desired to be controlled. The more 
electrical contacts which are manufactured on the emitter face, 
the greater the control of the separate piezoelectric regions. 
Each separate cell may even have its own electrical contacts. It 
should also be realized that a nearly unlimited number of contact 
arrangements are possible based on conventional electrode 
sputtering or flowing techniques. 

Two other important embodiments using spatially arranged 
electrical contacts on piezoelectric film are shown in FIGS. 19 
and 20. FIG 19 shows a piezoelectric film 210 with two 
concentric electrical contact rings 212, 214. In the preferred 
implementation, the center ring 214 would contain approximately M 
of the total circle area and the second electrical contact would 
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circumscribe the whole circle 214. The two electrical rings can 
each receive separate electrical signals from the wires 218 and 
216. The signals may be phase shifted to create beam steering or 
spatial sound orientation. In addition, a separate channel can 
be used for each electrode. For example, one channel can be sent 
to the central ring such as a voice channel, and then a second 
channel can be sent to the second ring such as environmental 
background sounds. Essentially, the voice channel and the 
background channel in this example are spatially mixed on the 
piezoelectric film. FIG. 20 shows an alternative arrangement of 
an electrical contact embodiment with three electrical contacts 
220, 222, 224. Additional contacts increase the control that can 
be exerted on the piezoelectric film. 

The conventional method for manufacturing piezoelectric film 
is to sputter the entire film with a metallic coating. The 
drawback to using a metallic coating over the whole surface of 
the piezoelectric film is that when the voltage is applied, some 
areas of the film are driven which should not move or cannot 
readily move. For example, some parts of the film may be under a 
clamp, under a bolt, or otherwise attached to the emitter face. 
When areas are driven that cannot move, unwanted heat is created. 
The present invention solves this problem by only sputtering or 
applying the metallic coating to areas where it is necessary. 
Areas that should not be driven and which are fastened or clamped 
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in place will not be metalized. Referring now to FIG. 28, the 
figure shows that the piezoelectric film will be selectively 
sputtered 252 to match the apertures 250 of the emitter face and 
areas where the film should not move will be avoided. Of course, 
each metalized area must be connected electrically to other 
metalized areas and this is done by using metalized bridge 
contacts 254 where necessary. 

Another problem is that metallic areas under a bolt or near 
a contact area may cause arcing. Selective sputtering can be 
applied to the perimeter of the film in a pattern which avoids 
arcing with any electrically conductive housing components. 
Metalizing only the active areas also decreases the capacitance 
that the amplifier is required to drive. The selective 
H sputtering can be effectively applied using well known mask 

MS techniques. 

O 

2^ ^ polygon shaped piece of piezoelectric fili 

attached to an emitter plate. The polygon shaped piece of filr 
is easier to manufacture and tool than a large circular piece of 
film. Another advantage obtained by using smaller geometric 
shapes is that many of them can be combined together to produce a 
large emitter face which reduces the problems found in creating 
one large emitter diaphragm (e.g., tensioning problems). FIG. 22 
shows three polygon shaped pieces of film joined together to form 
one long emitter face. It should be apparent that any smaller 
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regular geometric shape could be selected, and then tessellated 
to form a larger emitter surface. 

FIG. 23 shows six polygon shaped pieces of piezoelectric 
film joined together in a hexagonal ring to produce an emitter. 
5 The center of the ring 240 is not an active emitter area and can 
be either empty space or some other non-piezoelectric material. 
The surprising result of the configuration shown in FIG. 23 is 
that it can produce 80% to 90% as much output as a hexagon 
^ speaker which has an active center area. The configuration shown 
in FIG. 23 has only 50% of the piezoelectric film area as 
compared to a hexagon with an active center area, but there is 
with only a 10% to 20 % decrease in output. 

FIGS. 24 and 25 show two embodiments of the invention using 
smaller rectangular piezoelectric film sections to form larger 
emitter shapes. FIG. 24 shows four rectangular sections combined 
together in a square shape with an open center. This 
configuration has the same advantages as described for the 
hexagonal ring. FIG. 24 shows four rectangular section combined 
in a column. It is also desirible to use more or even fewer 
piezoelectric film sections and combine them together in 
geometric arrangements to produce greater output. 

FIG. 26 shows a piezoelectric film emitter 230 with a small 
pressure chamber 232 which is remote from a number of 
piezoelectric film cells 234. The pressure chamber 232 is 



20 



Thorpe. North & Wtsum. L.L.P. 
903: South 700 East 
Sindy. Utah 84070 
Voice (801) S66-«6J3 

Docket No. K855.CIP2 -Rev.ll/IJ«9 4 0 



ll 



20 



equivalent to a single plenum chamber and is connected to the 
piezoelectric film cells 234 by thin pressure tubes 236. The 
pressurized tubes 236 transfer pressure from the pressure chamber 
232 to form the piezoelectric film on each cell 234 into arcuate 
emitter shapes. Each piezoelectric film cell must have enough 
pressure to form the piezoelectric film into its arcuate shape. 
The benefit of using the pressure chamber 232 with tubes 236 is 
that a pressure gradient loss along the thin tubes is avoided. 
Because the collective area of the tubes 236 is relatively small, 
the use of the tubes does not decrease the pressure but 
distributes it to each of the respective emitter cells 234. m 
addition, the size of the pressure chamber 232 is also relatively 
small because the small volume in the tubes only requires a small 
pressure chamber source. Alternatively, the interconnected tubes 
could be pressurized directly without a pressure chamber or a 
specific source. In addition, the number and arrangement of the 
piezoelectric film cells 234 and tubes 236 is limited only by 
practical constraints. 

A more detailed description of the sealant coating as shown 
in FIGS. 3c and 3d will now be covered, and a method for sealing 
the piezoelectric film will also be discussed. Referring now to 
FIG. 27, the structure of sealed piezoelectric film is shown. 
The center layer is the piezoelectric film 240. The film is 
typically a PVDF film or a similar piezoelectric copolymer. A 
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seann, .a.erial .4. appUe. to the PVOP. .He sealing 
.ate..al pvoc ,po.^.„,,,,.„. ^^^^ 

a«.e. p..pe«.e.. PVOC .e appX.ea to t.e p.e.oe.ect..e 

-in, ^^^^^^^ ^ ^^^^ 

PVDC. In addition, the pvnr >, 

^ ""^ "PP"^^ to the piezoelectric 
film before or aft^^-r f-y^^ p-t 

after the xs electrically charged. The PVDC 

bonds into the structure* 

ucture Of the piezoelectric fil„, and provides 

an effective Carrier which .tops gasses fro. passing through the 

IT "^""^""^ - or evaporated onto the 

- .he sealing material ,Pv.c, „a. also .e applied after 

the electrodes have been applied to the fil„. 

^t Should also be apparent fro. the description above that 
— and alternative e^odi^ents can e.it sonic 
.~ies directs, without having to resort to the acoustical 

heterodyning process described earlier Ho 

earlier. However, the range of 

frequencies in the anriHKi^ 

cne audible spectrum is necessar-i i i • . 

necessarily limited to 

.enerall. higher frequencies, as the invention is .ost effective 
- .Ke .id-range and upper frequencies. Therefore, the greatest 
advantages of the present invention are realised when the 
invention is nao^ 

used to generate the entire range of audible 

frequencies indirectlv no-ir.^ 

ectly us.ng acoustical heterodyning as explained 

above . 
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It is to be understood that the above -described embodiments 
are only illustrative of the application of the principles of the 
present invention. Numerous modifications and alternative 
arrangements may be devised by those skilled in the art without 
departing from the spirit and scope of the present invention. 
The appended claims are intended to cover such modifications and 
arrangements . 
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